Gulf, at the western extremity of the North Anatolian Fault and it is one of the most neotectonically active areas in Greece. Volcanic rocks are exposed in the form of lava flows and/or domes mostly in the small islands (Lichades) offshore Kamena Vourla, as well as in a small outcrop in mainland, namely the Agios Ioannis area. Based on the results of the present study, the Agios Ioannis volcanic rocks are characterized as trachyandesites with high-K calc-alkaline affinities, similar to several volcanic rocks from the South Aegean Volcanic Arc. The petrological and mineral-chemical study reveal that the studied volcanic rocks are characterized by vitrophyric texture and a matrix dominated by glass, numerous randomly-oriented microlites of plagioclase and minor sanidine, clinopyroxene and amphibole. Phenocrysts comprise of plagioclase, olivine, quartz, clinopyroxene and amphibole. Plagioclase composition ranges from andesine to bytownite (An30-An73). Olivine cores are typically Mg-rich, and the rims display elevated FeO content. Clinopyroxenes display a narrow compositional range between augite and diopside, with the latter being more common. Amphiboles, are calcic and their composition ranges from tschermakite to tschermakitic hornblende.
INTRODUCTION
Greece is a well-known example of a relatively small geographical area that exhibits an extreme variety of igneous rocks, in terms of composition, age and tectonic setting, and has been characterized as a microcosm of tectonic and igneous processes (Pe-Piper and Piper, 2002) . This is due to the complex orogenetic processes that have taken place in the Hellenides and continue until today. In its present state, the Hellenic orogen is characterized by the subduction of the African plate below the Eurasian margin, along the north-dipping Hellenic subduction zone (e.g. Mountrakis, 2006) . This process gives birth to a series of volcanic centers, known as the South Aegean Volcanic Arc (SAVA).
The targeted study of Greek igneous rocks began with the study of Santorini by Fouqué (1879) . During the first half of the 20 th century, Prof. Georgalas (e.g. 1938 Georgalas (e.g. , 1940 made considerable amount of studies all over Greece concerning the igneous rocks. In the second half of the 20 th century and in the 21 th century, several studies described the Greek igneous rocks, but mainly focused in Santorini and the volcanos of SAVA. The book of G. Pe-Piper and D.J. Piper (2002) , entitled "The igneous rocks of Greece: The anatomy of an orogen" has been rightfully considered a milestone for the studies of where several small volcanic centers occur (e.g. Pe and Panagos, 1976; Pe-Piper and Piper, 2002; Innocenti et al., 2010) . One of occurrences is the volcanic center of Lichades, located in the Northern Euboea Gulf (Fig. 1 ). Many different theories that have been proposed about its geotectonic setting. Additionally, the Lichades volcanic center has been related to the presence of hot springs both in the Kamena Vourla area and the adjacent Euboea island (i.e. Aedipsos, Gialta and Ilia) (Kanellopoulos et al., 2017a (Kanellopoulos et al., , 2017b (Kanellopoulos et al., , 2018 .
The aim of this paper is to investigate the mineral chemistry, petrography and geochemistry of the volcanic rocks at the Agios Ioannis outcrop, Kamena Vourla area, central Greece.
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In the Northern Euboean Gulf and at the western extremity of the southwestern end of the Anatolia fault, occurs the volcanic center of Lichades. It comprises a complex of small volcanic islands and a nearby lava outcrop at Agios Ioannis, Kamena Vourla area, in mainland ( Fig. 1 and 2 ; Georgalas, 1938; Georgiades, 1958; Pe-Piper and Piper, 2002) . Available geochronological data for the Lichades islands lava flows yielded an age of 0.5 Ma (whole rock K-Ar, Fytikas et al., 1976) , and for the nearby lavas in the Kamena Vourla area an age of 1.7 Ma (K-Ar, Bellon et al., 1979) . Several different theories have been proposed about the genesis of the Lichades volcanic center. Ninkovich and Hays (1972) , Pe (1975) and Pe and Panagos (1976) proposed that the Lichades volcanic center could be the western continuation of the South Aegean active volcanic arc. Pe-Piper and Piper (1989) suggested that the Lichades volcanic center together with trachytes and sodic basalts elsewhere in the Aegean, could be related to the "aseismic subducted slab" at greater depths than the arc volcanoes. Fytikas et al. (1985) and Pe-Piper and Piper (2007) The volcanic center of Lichades is located along the major tectonic structures in the area (Ganas, 1997; Kranis, 1999) . Karastathis et al. (2011) showed that there is a magma chamber under the North Euboean Gulf area estimated at about 7-8 km depth, by combining a three-dimensional travel time inversion of microseismic data recorded by an on/offshore local seismic network and a Curie Point Depth analysis based on aeromagnetic data. Kanellopoulos et al. (2017a Kanellopoulos et al. ( , 2017b Kanellopoulos et al. ( , 2018 suggested that the volcanic center of Lichades and the associated magmatic chamber is the heating source and contributes with a portion of deep magmatic fluid to the geothermal fluid of Euboea-Sperchios system, along with seawater and only limited meteoric water contribution. Northern Euboea and the neighbouring part of the mainland in eastern Central Greece (Sperchios area) are recognized as areas with high geothermal gradient following the areas occupied by the South Aegean active volcanic arc (Fytikas and Kolios, 1979) . 
RESULTS AND DISCUSSION

Petrography and mineral chemistry
Petrography
The studied volcanic rocks are characterized by vitrophyric texture (Figs 3 and 4) . Their matrix is dominated by glass, numerous, randomly oriented microlites of plagioclase and minor sanidine, clinopyroxene, amphibole grains (Fig, 3a-b, 4a ). Phenocrysts are commonly plagioclase, olivine, clinopyroxene and amphibole, while quartz is uncommon. Plagioclase occurs as large euhedral to subhedral grains, displaying patchy or concentric zonation. At places, plagioclase phenocrysts are rimmed by a thin rind of K-rich feldspar (sanidine, Figs3c, 4e-f), which can rarely be found as phenocryst as well. Olivine is usually found as large, euhedral to subhedral grains (Figs3d, 4a) or it can form glomerophyric aggregates along with clinopyroxene crystals (Fig. 3f ).
Sometimes, crystal zoning indicate normal chemical differentiation as crystallization was evolving through time ( Fig. 4d ). Amphiboles, mostly hornblende, is usually forming euhedral grains with characteristic zoning. Locally, replacement by opaque phases suggest minor opacitization processes. Resorbed quartz phenocrysts, always rimmed by clinopyroxene rims are uncommon (Fig. 3e ). Vesicles are abundant and in some cases are filled with euhedral clinopyroxene (Figs 4a-b ). Clinopyroxene is also Geological Society of Greece
280
Volume 55 present as euhedral to subhedral isolated phenocrysts (Fig. 4c ) or even as glomerophyric aggregates (Fig. 3f ). Titanite may occur as a rare accessory mineral. Finally, opaque phases, commonly hematite and or ilmenite are quite abundant, scattered in the vitreous matrix. 
Mineral chemistry
Feldspar group minerals
Chemical analyses displayed significant variations (Table 1) between Ca, Na and K, in the analyzed feldspar group minerals from the studied samples. Plagioclase composition ranges from andesine to labradorite (An30-An69 ) , while few analyses yielded higher anorthitic component, corresponding to the field of bytownite (An73, Fig. 5a ). A zonation is commonly observed: cores are Ca-rich, while Na content is gradually increasing towards the rims of the crystals. In some cases, plagioclase crystals are rimmed by a thin K-feldspar rind (Figs 4e-f ), corresponding to sanidine composition which shares the same chemistry with isolated sanidine phenocrysts which are embedded in the matrix.
Clinopyroxene
Analyzed clinopyroxene crystals revealed a relatively narrow compositional range between augite and diopside, with the latter composition being more common (Table 1, 
Olivine
Available mineral-chemical data from olivine crystals (Table 1) island, that include both trachyandesite and basalt compositions and have been interpreted as direct supply from a mantle source (Pe-Piper et al., 2014) .
Amphibole
Analytical data from amphibole grains revealed small compositional differences (Table   1 ). They are characterized by relatively stable wt.% -12.01 wt. %, respectively) and variable amounts of TiO2, Na2O and K2O (up to 1.86 wt.%, 2.45 wt.%, and 1.08 wt. % respectively). All amphiboles are classified as calcic and more specifically, according to the diagram proposed by Leake et al., 1997 they plot in the fields of tschermakitic hornblende and tschermakite (Fig. 5d ). 
Whole-rock geochemistry
Both major and trace elements in the studied samples ( The Agios Ioannis volcanic rocks plot at the field of trachyandesite on the total alkalissilica (TAS) diagram ( Fig. 6a ; Le Bas et al. 1986 ). On the K2O vs SiO2 classification Volume 55 diagram ( Fig. 6b ; Peccerillo & Taylor 1976) , they plot at the field of the high-K calcalkaline series. Similar to many SAVA volcanic rocks (Francalanci and Zellmer, 2019) .
The studied volcanic rocks are depleted in High Field Strength Elements (HFSE), such as Ta and Nb (Fig. 6c ) and in heavy-REE (HREE, Fig. 6d ), as Innocenti et al. (2010) also noted. Based on the incompatible trace-element patterns, normalized to the primordial mantle composition (after McDonough and Sun 1995; Fig. 6c ) and taking under consideration the limited set of the analyzed elements, it could be inferred that the studied samples are presenting the typical pattern of arc-related volcanic rocks (see Ta, Nb and Ti negative anomalies), which is in accordance to Innocenti et al. (2010) .
Light-REE (LREE) are enriched compared to HREE. They display moderate negative Er and Eu anomalies, which may be due to plagioclase fractionation, changes in fO2 conditions or crustal contamination of the source. 1989 ) patterns of the Agios Ioannis volcanic rocks. In cases of below detection, the value of half the detection limit was used.
CONCLUSIONS
The Agios Ioannis volcanic rocks are characterized as trachyandesites with high-K calcalkaline affinities, similar to several volcanic rocks from the South Aegean Volcanic Arc. Light-REE are enriched compared to Heavy-REE and moderate negative Er and Volume 55
Eu anomalies were identified. These could be related to plagioclase fractionation, changes in fO2 conditions or crustal contamination of the source.
Based on petrological and mineral-chemical results reveal that the Agios Ioannis volcanic rocks are characterized by vitrophyric texture and a matrix dominated by glass, numerous randomly-oriented microlites of plagioclase and minor sanidine, clinopyroxene and amphibole. Phenocrysts comprise plagioclase, olivine, quartz, clinopyroxene and amphibole. Plagioclase composition ranges from andesine to bytownite (An30-An73). Olivine cores are typically Mg-rich, and the rims display elevated FeO content. Analogous high-Fo olivine have been described from lamproites in Lesvos island, and have been interpreted as direct supply from a mantle source (Pe-Piper et al., 2014) . Clinopyroxenes display a narrow compositional range between augite and diopside, with the latter being more common. Amphiboles, are calcic and their composition ranges between tschermakite and tschermakitic hornblende.
The Agios Ioannis volcanic rocks comprise a small part of the Lichades volcanic center.
A systematic sampling in all outcrops of the Lichades volcanic center, coupled with petrological, mineral-chemical and geochemical analyses are ongoing. The forthcoming results will allow us to study in further detail the Lichades volcanic center in order to compare it to other Greek volcanic rocks of similar age and to integrate them with the geological processes that took place in the area.
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